Various studies have investigated the effects of olive oil on semen quality and sperm physiology. This review systematically discusses and summarises the link between olive oil and semen quality. To achieve this contribution, we searched the PubMed, Scopus, Web of Science, and Google scholar databases for articles and reports published in English (as full articles or abstract only) from September 1975 through February 2017 using the key words "olive oil" and "sperm". Certain interrelated articles were also considered. In summary, olive oil appears to preserve semen quality in in vivo systems. This result seems to be applicable in humans, but requires additional confirmation in clinical trials. Meanwhile adding olive oil to seminal fluid in vitro seems not to be favorable to sperm parameters. The mechanisms by which olive oil preserves semen quality are through enhancing gonadal function, reducing the level of oxidative injury and lipid peroxidation, and improving nitric oxide signaling.
Introduction
Olive oil, the chief fat in the Mediterranean diet [1] , is used as a home remedy for serious diseases, such as cancers and cardiovascular diseases, via intentional modification of dietary habits. [2] [3] [4] Approximately 77% of olive oil is mono-unsaturated fatty acids such as oleic acid. [5] [6] [7] In addition, olive oil contains saturated fatty acids (~14%), polyunsaturated fatty acids (~9%), alpha-tocopherol, and vegetable mucilage. [5, 6] Moreover, olive oil contains several potent bioactive compounds such as antioxidant polyphenols (oleuropein [8, 9] , hydroxytyrosol [10, 11] , and tyrosol [12, 13] ), antioxidant flavonoids (luteolin [14, 15] and apigenin [16, 17] ), and other bioactive organic molecules, including squalene. [18, 19] These compounds have been directly and indirectly linked to various health problems such as cancer [2, 20] , coronary heart disease [21, 22] , and reproductive capability. [5, 23, 24] As it is the focus of many health investigations into olive oil, several scientists have explored the effects of olive oil or its above-mentioned bioactive compounds on semen quality and sperm physiology. Thus far, these studies have not been systematically summarised. Therefore, this review discusses and summarises the link between olive oil and semen quality (primarily sperm quality and quantity). To achieve this, we searched the PubMed, Scopus, Web of Science, and Google scholar databases for articles and reports published in English (as full articles or abstract only) from September 1975 through August 2016 using the key words "olive oil" and "sperm". In addition, certain related articles were also considered to support the discussion and conclusion.
Effect of olive oil on sperm parameters
To-date, the majority of research studies that have directly interrelated olive oil with semen quality and sperm function have been nonclinical (i.e., animal studies). It has been shown that rabbits fed a high-fat diet (0.05% cholesterol) had significant decreases in their sperm parameters (volume, count, motility) associated with a marked increase in sperm cell abnormalities as well as abnormal acrosome reaction. [6] Olive oil administration at 7% v/w for 16 weeks succeeded in recovering the loss in the above semen parameters and retaining sperm function [6, 25] whereas, olive oil orally administered at 0.4 mL daily for 6 weeks did not alter sperm count, motility, or morphology in male rats. [26] A recent study by El-Kholy et al. [27] showed that a genetically modified soya bean diet negatively affects sperm count, motility, and morphology. [27] Furthermore, the addition of extra virgin olive oil to this diet restored these sperm parameters. [27] Taken alone, extra virgin olive oil, when added to the normal diet of male rats at 15%, did not induce any change in semen quality. [27] A newly published in vivo system study on the effect of olive oil compared to other toxicants showed that provision of olive oil (1 mL/kg/day) for 15 days did not affect sperm DNA fragmentation or the oxidative stress status (i.e., normal malondialdehyde). [28] Effect of some olive oil bioactive compounds on sperm parameters
Boars fed on squalene at 20 or 40 mg/kg/day for 60 days had a higher semen volume and higher sperm motility, which increased their reproductive performance. [29] A study by Mohamadi et al. [30] showed that oleuropein intercalates with the DNA double helix of salmon sperm [30] , which increases the melting temperature of DNA and therefore stabilises its structure. [30] Apigenin did not improve sperm count or motility in male mice. [31] In vitro studies
In their in vitro study to show the effects of vaginal lubricants on sperm motility, Goldenberg and White [32] found that olive oil as a vaginal lubricant decreased sperm motility by approximately 50% and 25% after 15 min and 2 hours, respectively. [32] A later in vitro study on human semen by Anderson et al. [33] confirmed these findings by showing that the olive oil reduces sperm progressive motility. [33] Mechanistic studies
Olive oil enhances gonadal function It has been found that a genetically modified soya bean diet (15%) reduced the weight of the testis, seminal vesicles, epididymis, and prostate in adult male albino rats. [27] In addition, this diet decreased the serum testosterone, zinc, and alpha-tocopherol concentrations. [27] Mixing extra virgin olive oil with the genetically modified soybean diet was found to increase all of these anatomical and biochemical markers. [27] In addition, squalene supplementation at 20-40 mg/kg/day for 60 days increased testosterone levels in boars, which improved their semen quality and thus reproductive outcomes. [29] Rats fed a highprotein diet supplemented with oleuropein at 0.1 g/100 g had higher levels of luteinizing hormone and testicular testosterone, which positively affects spermatogenesis and hence semen quality. [34] In humans, administration of extra virgin olive oil was found to improve the androgen hormonal profiles (higher levels of testosterone and luteinizing hormone) in healthy male volunteers. [35] In effect, these results have been found to be imperative for patients with poor semen quality, but not for normal individuals. [35, 36] On the other hand, adult male Wistar rats orally administered olive oil at 0.4 mL/day for 6 weeks had an insignificant change in their gonadal hormones (testosterone, follicle stimulating hormone, and luteinizing hormone), or inhibin-B, a protein that inhibits folliclestimulating hormone production, compared to the control group (without olive oil). [26] In addition, in the same study, the authors showed that olive oil did not change the weight of the seminal vesicles, epididymis, prostate gland, Cowper glands, and testes. [26] Olive oil reduces oxidative injury to sperm Oleic acid, the main component of olive oil, was found to be easily oxidised compared to other types of fat. [37] This chemical property is favorable to sperm since it lowers the free radical level as a result of oxidation, which may damage the main cellular macromolecules (e.g., proteins, lipids, and nucleic acids). [6, 38] Therefore, administration of olive oil may improve sperm integrity, and consequently, sperm function, by modifying the lipid composition of these dynamic cells. This modification is mimicked by lowering the cholesterol content, which lowers the cholesterol/phospholipids ratio, in the bilayer membrane of sperm. [6] Olive oil improves nitric oxide signaling in sperm It has been shown that nitric oxide diffusion dynamics and signaling are inversely proportional to the cholesterol content in the bilayer membrane of the cell. [39] The lower the phospholipid/cholesterol ratio in the bilayer membrane the higher the nitric oxide diffusion, and hence the signaling. [39] Based on this evidence, given that administration of olive oil lowers the content of cholesterol in the bilayer membrane and that nitric oxide is crucial for adequate sperm motility, olive oil may improve sperm quality by improving nitric oxide signaling.
Effect of some olive oil constituents on sperm health
Further, oleic acid was found to possess antioxidant behaviour. [40] Oleic acid quenches free radicals, which may attack the sperm plasma membrane and reduces the lipid peroxidation, which improves sperm vitality. Furthermore, olive oil is rich in several potent antioxidant compounds such as polyphenols (e.g., oleuropein [8, 9] , hydroxytyrosol [10, 11] , tyrosol [12, 13] ), flavonoids (e.g., luteolin [14, 15] , apigenin [16, 17] ), and vitamin E (approximately 14 mg per 100 g of olive oil). [41] These molecular defense mechanisms were found to counteract the damaging effect of pro-oxidants and enhance sperm quality. Moreover, it has been shown that semen centrifugation reduces the sperm quality (i.e., lower motility and viability). [42, 43] Adding hydroxytyrosol to sperm incubating media improved sperm viability and reduced the levels of reactive oxygen species, a highly reactive chemical species that can cause oxidative damage to biomolecules [44] , and sperm DNA oxidation following centrifugation. [43] Conclusions and future perspectives Olive oil appears to preserve semen quality in in vivo systems (~9 studies). This result seems to also be applicable in humans (~2 studies), but requires additional proof through clinical trials. However, direct addition of olive oil to seminal fluid in vitro is not favorable to sperm parameters. The mechanisms by which olive oil preserves semen quality in in vivo systems or humans include reduction of the level of oxidative damage and lipid peroxidation, enhancing gonadal function, and improving nitric oxide dynamics and signaling.
